INTRODUCTION
============

Hearing loss is a common sensory impairment in the elderly, with consequences on cognitive, emotional, and social function, and prevalence of hearing loss dramatically increases with age.^[@R1],[@R2]^ In South Korea, overall prevalence of subjective hearing loss was 12.0%, and 44.7% of the elderly (\> 70 years old) reported hearing loss.^[@R3]^ As the global population increasingly ages, prevalence of hearing loss will continue to rise. Although hearing loss is highly prevalent in elderly adults and most can be successfully rehabilitated by using appropriate hearing aids, the uptake and use of hearing aids is still poor.^[@R4]^ Several studies have reported that a large proportion of people who could benefit from hearing aids do not wear them.^[@R5],[@R6]^ The reported prevalence of hearing aid use among those with a hearing loss is low, ranging from 14.2% to 33.1% (Table [1](#T1){ref-type="table"}).^[@R7]--[@R9]^ Moreover, many people provided with hearing aids are not satisfied with them and do not use regularly.^[@R5]^ Therefore, it is important to identify the associated factors with hearing aid use and identify the principal causes of nonadoption.
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Prevalence of Hearing Aid Use in Previous Reports and Present Study
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Nation-wide epidemiologic studies that are conducted by government organizations can provide powerful data for investigating the national prevalence of specific disease and health behavior of people. The Korean National Health and Nutrition Examination Survey (KNHANES) was started in 1998 to examine the general health and nutrition status of population in South Korea. From 2010 to 2012, 10,000 to 12,000 individuals were selected annually and interviewed concerning their general health and nutrition, as well as undergoing a basic health assessment. In the otolaryngologic interview and examination, histories of tinnitus, hearing loss, and noise exposure were surveyed using structured questionnaires and endoscopic evaluations of the tympanic membrane as well as objective evaluation of hearing and balance were conducted in participants of appropriate ages.

The present study was undertaken to determine the national prevalence of hearing aid use among participants \>40 years of age with perceived hearing loss in South Korea based on survey data obtained from the 2010 to 2012 KNHANES and to investigate factors associated with hearing aid use.

METHODS
=======

Study Population and Data Collection
------------------------------------

KNHANES is a national cross-sectional survey of the civilian noninstitutionalized population of South Korea. Korean Society of Otorhinolaryngology--Head and Neck Surgery and Korean Ophthalmological Society support the survey. A field survey team that included an otolaryngologist, an ophthalmologist, and nurse examiners for health assessment moved with a mobile examination unit and performed interviews, physical examinations, and laboratory testing, including blood and urine collection, a pulmonary function test, a dental examination, an ophthalmologic examination, and an otolaryngologic examination. Every year, 7000 to 10,000 individuals in ∼3500 households are selected from a panel to represent the population by using a multistage clustered and a stratified random sampling method that is based on the National Census Data. The 500 survey areas were drawn from a census of population and housing by considering the proportion of each subgroup. The participation rate of selected households in the past several cycles of KNHANES has been high, ∼80%. A total of 23,621 individuals, representing the 47,761,045 individuals in South Korea, participated in the survey from 2010 to 2012, and 12,709 individuals \>40 years of age were initially included in this study. Written informed consent was obtained from all participants before the survey, and approval for this research was obtained from the Institutional Review Board of the Samsung Medical Center (IRB No. 2013-02-031).

Hearing Survey and Otologic Examination
---------------------------------------

Participants were first asked about their perceived hearing loss. In detail, the participants were asked to rate their difficulty in hearing ("Which among the below best describes your \[unaided\] hearing?") by identifying their hearing as having no difficulty, mild difficulty, significant difficulty, or as no hearing. The respondents who professed any degree of hearing difficulty were then asked about their use of hearing aids. Responses to the question "Do you use hearing aid(s)?" were "yes", "yes, but rarely use it", or "no". The participants were considered to regularly use hearing aids only if they answered "yes". To determine the prevalence of tympanic membrane perforation and cholesteatomatous conditions, including retraction pocket and otitis media with effusion, an ear examination was conducted with a 4-mm 0°-angled rigid endoscope attached to a CCD camera for all participants. The pure tone air-conduction threshold was measured in a sound-proof booth using a model GSI SA-203 automatic audiometer (Entomed Diagnostics AB, Lena Nodin, Sweden). Moderate-to-profound hearing loss was defined as \> 40 dB hearing level with average air-conduction hearing thresholds measured at 0.5, 1, 2, and 3 kHz according to the recommendation from the American Academy of Otolaryngology---Head and Neck Surgery.^[@R10]^ To evaluate the experience of balance problem, participants were asked whether they had experienced dizziness or imbalance, positional dizziness, and falls in the absence of external forces in the past 12 months.

Statistical Analyses
--------------------

The prevalence and 95% confidence interval (CI) for hearing aid use were calculated. To examine the association of various covariates on the use of hearing aids, univariable analysis and multivariable analysis were performed using the logistic regression model. Biologically and medically plausible covariates, as well as the variables found to be possibly associated (*P* \< 0.20) in the univariable analysis were entered in the multivariable analysis model. To reflect national population estimates, sample weights were applied in all analyses. *P* values and 95% CI were corrected by Bonferroni\'s method in the case of multiple testing. In all tests, *P* values were 2 sided, and *P* \< 0.05 was considered to be statistically significant. Statistical analysis was performed using SAS 9.3 (SAS Institute Inc, Cary, NC).

RESULTS
=======

Prevalence of Hearing Aid Use in Bilateral Moderate Hearing Loss
----------------------------------------------------------------

Among the 12,709 participants, 993 had bilateral moderate to profound sensorineural hearing loss (PTA \> 40 dB in both ears). Among these, those who did not respond to the questionnaire queries of hearing aid use, tinnitus, noise exposure, and perceived hearing loss, or those who did not underwent otolaryngologic or ophthalmologic examinations were excluded. Additionally, those who had no perceived hearing loss (who responded to have "no difficulty" in subjective hearing) were also excluded. Finally, 530 participants, representing 732,618 individuals with objective bilateral moderate-to-profound hearing loss (≥ 40 dB) and perceived they had hearing loss, were included in this study. Among the 530 participants, 94 (17.4%, weighted frequency 127,368) answered that they had hearing aids. However, 25 participants (4.8%, weighted frequency 35,362) rarely used hearing aids even though they had them. Thus, the remaining 69 participants (weighted frequency 92,276) who regularly used hearing aids in daily life were considered as hearing-aid user; the prevalence of hearing aid use was 12.6% (95% CI 9.0%--16.2%).

Factors Associated with Hearing Aid Use
---------------------------------------

Hearing aid use in participants \>40 years of age with bilateral moderate-to-profound hearing loss and associated factors were investigated using univariable and multivariable analyses. Table [2](#T2){ref-type="table"} displays the results of univariable and multivariable logistic analyses. In univariable analysis, hearing threshold (OR 1.06, 95% CI 1.03--1.08), perceived hearing loss (OR 13.18, 95% CI 9.07--28.65), annoying tinnitus (OR 2.61, 95% CI 1.38--4.93), tympanic membrane perforation (OR 3.22, 95% CI 1.53--6.77), myopia (OR 0.31, 95% CI 0.14--0.72), and astigmatism (OR 0.40, 95% CI 0.18--0.88) were significantly associated with hearing aid use. Multivariable logistic regression analyses were performed to evaluate relevant associated factors with hearing aid use. Of the 9 variables entered into the multivariable model, high hearing threshold (OR 1.05, 95% CI 1.03--1.07), severe perceived hearing loss (significant hearing loss or no hearing) (OR 10.73, 95% CI 4.52--25.46), annoying tinnitus (OR 3.30, 95% CI 1.61--6.74), balance problems (OR 0.39, 95% CI 0.18--0.86), and myopia (OR 0.30, 95% CI 0.12--0.76) remained as associated factors of hearing aid use.
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Univariable and Multivariable Analyses of Factors Potentially Associated with Hearing Aid Use in Participants \> 40 Years Old with Bilateral Moderate-to-Profound Hearing Loss
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Factors Associated with Regular Hearing Aid Use
-----------------------------------------------

Among 94 participants who had hearing aids, only 69 participants regularly used their hearing aids and the remaining 25 participants were nonusers. Thus, in order to identify factors associated with regular hearing aid use in all hearing aid owners, additional univariable and multivariable analyses were performed. Table [3](#T3){ref-type="table"} displays the results of univariable and multivariable logistic analyses. Variables found to be possibly associated (*P* \< 0.20) in the univariable analysis were entered in the multivariable analysis model. Multivariable logistic regression analysis revealed that high hearing threshold (OR 1.06, 95% CI 1.01--1.11) and number of house members (OR 1.65, 95% CI 1.12--2.44) were significant associated factors of regular hearing aid use among hearing aid owners.

###### 

Univariable and Multivariable Analyses of Factors Potentially Associated With Regular Hearing Aid Use in Participants \>40 Years Old With Bilateral Moderate-to-Profound Hearing Loss
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DISCUSSION
==========

These are the first national estimates of hearing aid prevalence in the Korean population based on audiometric data and a large, government-centered, well-selected representative sample. Age-related hearing impairment is a hallmark of aging; therefore, the prevalence and severity increase with age.^[@R11]^ Besides its high incidence and prevalence, age-related hearing impairment affects quality of life enormously by reducing communicative relationships, as well as reducing social and emotional interactions.^[@R12]^ Thus, appropriate tools for hearing rehabilitation are needed, and hearing aids are recommended for majority of people with age-related hearing impairment. Previous studies have reported that hearing aids can improve the ability to communicate, improve quality of life, prevent social isolation, and positively affect hearing-related depression.^[@R13]--[@R16]^ In addition, by modeling different degrees of hearing loss with a multistate model, hearing aid use was proven to be a cost-effective strategy to rehabilitate the hearing-impaired elderly.^[@R17]^ However, many people with impaired hearing do not wear them. Over the last 20 years, hearing aid adoption has remained at ∼ 20% with an admitted hearing loss.^[@R8]^

In this study, national prevalence of hearing aid use in South Korea was 12.6% among people with moderate-to-profound hearing loss, which is relatively low as compared with those reported in other countries (Table [1](#T1){ref-type="table"}). The estimated number of Korean adults (\> 40 years of age) with moderate to profound hearing loss who do not regularly use hearing aids is 640,000. The causes for low proportion of hearing aid use among the hearing-impaired people may be related with the expenses of purchasing and maintenance, stigma about their use, negative beliefs about hearing aids, improper information or guidance about wearing them, or lack of perceived hearing handicap.^[@R18]--[@R20]^ In European countries, such as the United Kingdom, France, Denmark, and the Netherlands, expenses of hearing aids are covered by public health insurance. In the United States, the use of hearing aids has continually increased and is now ∼23%, with most of this growth attributed to free hearing aids obtained through the Department of Veterans Affairs or low-cost Internet sales.^[@R8]^ However, in South Korea, the expense of hearing aids is not covered by the government health insurance system, and the average price of hearing aids is relatively high when considering the national income per capita. In addition to cost, cultural attitudes that undervalue the role of hearing on life as well as stigma associated with hearing aid use partly account for the low rate of hearing aid use in South Korea.^[@R21]^

At present, both objective hearing thresholds and subjective assessment of participant\'s own hearing loss were associated with hearing aid use. People who use hearing aids have more severe hearing losses than nonusers. Considering the odds ratio of both objective and subjective hearing loss (1.05 vs 10.73), self-reported auditory difficulty is more important in using hearing aids than objective hearing sensitivity. Perceived hearing handicap assessed by the Hearing Handicap Inventory for the Elderly questionnaire is associated with the hearing aid use, with an adjusted odds ratio for a 1-unit increase in HHIE scores of 1.08.^[@R19]^ In addition, acceptance of hearing loss before hearing aid fitting positively influences both hearing aid uptake and hearing aid use.^[@R4]^ Previous studies also investigated the influence of hearing threshold level on hearing aid uptake, use, and overall satisfaction with the device. People with greater hearing thresholds reported a greater amount of hearing aid use per day and greater satisfaction levels.^[@R22]^ In another study, people who used hearing aids had a significantly higher degree of hearing loss (mean; 60 dB at 1, 2, 4 kHz) than those who declined to use the aids (mean; 48 dB).^[@R23]^

Patients with bothersome tinnitus had an increased tendency to use hearing aids in this study. Hearing aids are often recommended as a treatment option for patients who suffer from bothersome tinnitus and who have moderate to severe hearing loss. This practice is supported by recently published clinical practice guideline of tinnitus, recommending a hearing aid evaluation for patients who have persistent, bothersome tinnitus associated with documented hearing loss.^[@R24]^ The use of hearing aids in tinnitus makes the patient less aware of the tinnitus and reduces the annoying sensation that sounds and voices are masked by the tinnitus, by amplifying external sounds and subsequent activation of the auditory nervous system.^[@R25],[@R26]^ Survey and case control studies have shown that tinnitus patients gain relief from the symptoms by the consistent use of hearing aids.^[@R27],[@R28]^ In addition, a broader range of patients with milder degrees of hearing loss can become successful hearing aid users due to the increased use of open-fit hearing aid. This can benefit tinnitus sufferers who previously were not interested in amplification.

Presbycusis is associated with an increased risk of falls.^[@R29]^ Recently, it was shown that hearing aids are a novel treatment modality for imbalance in older adults with hearing loss.^[@R30]^ That is partly attributed to importance of auditory input in maintaining balance, because audition may represent as an independent sensory input providing spatial sound cues. However, as reported in this study, the rate of hearing aid use among people with balance problem is low, probably because of difficulties in purchasing and managing hearing aids due to restricted activity or inadequate awareness about the beneficial effect of hearing aids on balance. Balance deficits are a well-known risk factor for falls in the elderly, and both balance deficits and subsequent fear of falling are associated with restricted physical activity.^[@R31]^ Therefore, raising public awareness about the benefits of hearing aid use and appropriate rehabilitation programs to increase physical activity would be helpful in this specific population who both has hearing impairment and balance problems.

Having myopia was associated with decreased use rate of hearing aids in this study. Vision and hearing impairments are common among the elderly and can occur separately or in combination.^[@R32]^ A loss of visual ability can make it difficult for the elderly to insert a hearing aid into the ear canal, replace a battery, or provide hearing aid maintenance^[@R33],[@R34]^ because poor vision can affect manual dexterity in aged population. Furthermore, many participants with both hearing and vision impairments express concerns about managing hearing aids due to their low vision,^[@R35]^ which may explain the low rate of hearing aid use in individuals with myopia. In addition, people with low vision often depend on spatial hearing and echolocation. However, if hearing loss is combined, then safe mobility may be compromised by loss of accuracy of sound localization and reduced perception of cues.^[@R36]^ Thus, active provision of hearing-rehabilitation services is required for this dual sensory impairment.

In this study, among 94 participants who purchased hearing aids, 25 participants (26.6%) rarely used hearing aids. This result is in line with prior research from UK, indicating that a total of 29% of hearing aid owners do not use their hearing aids on a regular basis.^[@R37]^ It is also important to identify comprehensive list of risk-factors for compliance with hearing aid use. The most important factors for regular hearing aid use (good compliance) in this study were the number of house member and hearing threshold. This result suggests that needs for communication with house (family) members can positively affect motivation of hearing-impaired listeners to use hearing aids regularly. It also indicates that hearing-impaired listeners with small family can be at higher risk for nonregular hearing aid use, and clinicians should pay attention to this specific population during the counseling and fitting of their aids.

A possible limitation of this study is the lack of comprehensive inclusion of possible associated factors that include source of motivation, attitudes toward hearing aid, expectations of hearing aids, and individual experiences of hearing-aid counseling. However, the key attributes of this study lie in the national cross-sectional survey with representative population based on the National Census Data, providing detailed and standardized audiometric data, as well as in the comprehensive range of demographic and clinical variables accurately measured by an otolaryngologist, ophthalmologist, and nurse examiners. These data also enable a thorough evaluation of associated factors with hearing aid use among older (≥40 years of age) adults in South Korea. The results could be used in devising strategies to counsel the hearing-impaired people and to increase hearing aid adoption rates.

CONCLUSIONS
===========

The prevalence of hearing aid use is estimated as 12.6% in South Korea. Increased hearing threshold, severe perceived hearing loss, accompanying annoying tinnitus, balance problems, and myopia are associated with hearing aid use. Among these factors, increased hearing threshold, severe perceived hearing loss, and accompanying annoying tinnitus may be easily expectable, but balance problems and myopia were newly found to be associated with hearing aid use. Therefore, concerns about balance disorder and myopia may need to be raised during hearing aid counseling. Additionally, hearing-impaired listeners with higher hearing thresholds and small family are at risk for nonregular hearing aid use.

This information should be incorporated into daily clinical practice, and interventions to reduce barriers of hearing aid use seem to be necessary in satisfying an unmet need, and to reduce negative consequences from hearing impairment in the elderly. Further researches are needed to evaluate the effect of active/professional counseling and long-term follow-up program on regular hearing aid use.
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